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A model is presented which can explain the observed 
tendency of events with large 5 He/*He ratios to 
have steeper spectra [1] .In this model preferential 
injection of 3 He, acceleration by Alfven waves and 
Coulomb deceleration of ions are considered simul- 
taneously. The observed tendency may be obtained 
as a result of competition between injection and 
acceleration processes. 

1. Introduction 

It was shown that preferential injection (preaccelera- 
tion) of 3 He by plasma waves can provide high J He-enrichment 
levels observed in some solar energetic particle events (see 
[2] and references therein). All proposed theoretical models 
for J He enrichment consider a two-stage acceleration process: 
a preacceleration (injection) stage due to wave-particle in- 
teraction at low energies and an acceleration process requi- 
ring a threshold injection velocity such as Fermi type acce- 
leration by Alfven waves. The high 5 He/* He ratio is proposed 
to arise at the first (pre acceleration) stage, at the second 
stage the observed spectra are formed. Up to now these two 
stages were investigated separately [2,3] .Recently the ten- 
dency of events with large J He/*He ratios to have steeper 
spectra was found [1]. It is possible only if injection and 
acceleration processes are connected by some way. The model 
taking into consideration such connection will be presented 
here. 

2. The Model . 

The equation for the ion distribution function has the 

forms 


e± ~ L §L <2)xj £ - d-L 
di " v 2 sv v dv 



Here the diffusion coefficient D = 


w -k (FV ‘P- 

D^+D^+D^ in \ 


( 1 ) 

where 


D^ describes the acceleration by Alfven waves, D^ is due 

to Coulomb collision, D^ in ^ is the injection diffusion co- 
efficient due to wave-particle interaction at low energies. 
The second term in right-hand side of equation (1) describes 
diffusive escaping of particles; it plays role only at high 
velocities V »V^ , where T (V)» 3L £ £> rA) /V A £ V 
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Va is the Alfven velocity and L is a typical length scale 
of the acceleration region. The last term in( 1 ) describes 
the deceleration of particles by Coulomb collisions. If vie 
are interested in the injection problem the velocities from 
thermal up to observed in the interplanetary space should 
be considered. That is why we will use the diffusion coeffi- 
cient D in the form [4] which is valid for arbitrary velo- 
city of test particle: x maf 


<7) C4) Mgfgfi&f \ /f S /o a \ 


( 2 ) 


00 * 

*&(<*,/) - fdu ft dxcos (o(ux) 
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Here Ze and Am are the charge and the mass of accelerated 
ion,K is the wave number. CJn = Zefi /Am p c ,H is the magnetic 
field strength, W* K~'* is spectral density of Alfven 
waves, K^and K^are the minimum and maximum wave numbers of 
wave spectrum. The diffusion coefficient D^and deceleration 
coefficient F due to Coulomb collisions are given by 
expressions [ 5 ] : 



U~-Y/V e) 


Ji =fn p T e /fn e Tp , 


CrfU) - e JJ lu )~ U *mi ez J(U ' ) . 

1 J 2 u* 


ez ^ fu) = fir 1 J e '^ dx - 

Here V e = Kg T? /frig is the thermal velocity of electrons, T© 
and Tp- electron and proton temperatures, CJ pe is electron 
plasma frequency. Por simplicity at thermal velocities the 
injection diffusion coefficient was proposed to be constant. 
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in preferential injection of ^He the diffusion coef- 
for it must be greater: S)^ / -3- At higher 


To obtain 
f icient 

energies it was proposed that 
then it decreases as V"3 (Fig.1). 


(in) increases' ^sharply and 



Fig. 1. The diffusion coeffici- 


(Lfl) 


(in) (A) 

r. ents D 3//p and Ir' used in 
vKV He n 

* calculations. K^^O. 35 

= 6* 10^K, ^ = 1.5 A 

loss case : n=4* lO^cm”^, 
\tif* L=5* 10 8 cm,H=70 Gs, ^=1Hz, 

nO? -0.35,0^2, G 2 =3.i 

_t be i -i _ o 

1 High loss case : n=5*10 cm , 
L=2»10^cm, H=260 Gs, ^=1Hz. 

°* 35 ’ G r 1 » V 0 * 1 

Such form has the diffusion coefficient for ion-sound turbu- 
lence used earlier in 3 He -enrichment problem [ 4 ] . 

The solution of equation (1) has been found by the method 
described in [6] ,but at high energies we have obtained 
quasistationary solution. Theoretical parameters has been 
selected basing on observational data (for details see [7] ). 


1 Low 


3. Results and discussion 

Calculations show that high ^He/^He ratio is formed at the 
energies from 100 eV up to 10 keV due to injection and the 
ratio changes slowly at higher energies where the accelera- 
tion mechanism works. As can be seen from experimental data 
[3] for some 3 He -rich solar particle events 3 He/4He ratio 
decreases with increasing of energy at E 2.2 MeV/N. For 
another events such decrease is not seen. To explain the 
3 H?/ 4 tfe decrease at E £2MeV/N we have proposed that the plas- 
ma density in the acceleration region is high. In this case 
higher Coulomb losses for 3 He leads to steeper spectra of 
this helium isotope, As a result 3 He/^He ratio decrease with 
increasing of energy. For this high loss case the obtained 
parameters of acceleration region are:density n *10 /2 cm~' 5 , 

L * 10 9 cm, H *250 Gs, T * 6. 10 6 K and if the lowest frequency 
of Alfven wave spectrum >><,= 1Hz the wave energy density 
W/nkgT e « 0.2. For events without 3 He / 4 He decrease at 
E s 2MeV/N lower values of n and H have been obtained 
( low loss case ): n* 3*10' <7 cm , H « 70 Gs. 

Calculations show that the higher turbulent energy 
density \J/nkgT e (shorter acceleration time) is, the lower 
energy particles may be accelerated. But at lower energies 
the tHef+He ratio is lower too (due to the injection mecha- 
nism). On the other hand, the shorter is the acceleration 
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Pig. 2. %e -spectral index 
(at 2MeV/N)vs. he/^Ke 
ratio; solid lines— calculated 
for W/ m<b varied 

from 0.1 to 0.5; 

1- high loss case; 

2- low loss case (see Pig. 1). 


time, the smaller is the power low index. In figure 2 the 
result of varyxng of wave energy density W/fikoTp is shown 
The experimental scatter plot of event -averaged 3 He-spec-* 
££ ^ex versus * H e/<He ratio is shown too ft . It is 

ex f erj f® nt al tendency conforms the tendency 
£ y v ? ryin S the acceleration time. Thus the obserred 
tendency may be explained as a result of competition bet- 

H?o+o in ^ eCti ° n a ? d a /?f leration processes at the Interme- 
diate energy region (Z/ * 0.3 i n figure 1 ). 
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